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DRIVER ASSISTANCE SYSTEM AND METHOD FOR OPERATING A DRIVER ASSISTANCE

SYSTEM

The invention provides a driver assistance sys-

tem for a vehicle. The driver assistance system compris-
es at least one trailer radar device configured to be dis-
posed at a trailer towed by the vehicle and to generate
radar sensor data. The driver assistance system further
comprises an electronic control unit configured to be dis-
posed in the vehicle and to be coupled with the at least
one trailer radar device. The electronic control unit is fur-
ther configured to receive the radar sensor data from the
at least one trailer radar device. The electronic control
unit is configured to generate an output signal and/or to
control at least one function of the vehicle at least in part
based on the radar sensor data received from the at least
one trailer radar device.

1M—t

1—T 3

FIG. 1

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 4 105 676 A1

(52) Cooperative Patent Classification (CPC): (Cont.)
G01S 2013/9317; GO1S 2013/93272



1 EP 4 105 676 A1 2

Description

[0001] The presentinvention relates to a driver assist-
ance system of a vehicle and a method for operating a
driver assistance system of a vehicle.

Prior Art

[0002] Modern vehicles come equipped with a plurality
of different types of sensors to assist the driver or to pro-
vide automated control functions of the vehicle. Micro-
wave corner radar sensors can provide information to
determine the distance of objects in a surrounding of the
vehicle or the velocities of the object. By measuring ele-
vation and azimuth angles, radar sensors can even be
used to determine locations of the object. Radar sensors
are typically mounted on the front or rear corners of the
vehicle. The working frequency of the radar sensors is
about 77GHz.

[0003] An advanced driver assistance system (ADAS)
can control functions of the vehicle based on the sensor
data generated by the radar sensors. ADAS functions
may comprise a highway assist function. This function
supports (semi-)automated driving on highways, for ex-
ample automated overtaking of another vehicle. Another
application is blind spot detection. In this case, a radar
sensor supported system provides information about ve-
hicles near the car which is not visible for the driver.
[0004] Radar sensors are characterized by their field-
of-view which relates to the angular range of the radar
sensor where it can detect objects. It is important that
there are no unwanted obstructions in the field of view
of the radar sensors. Such obstructions may result in
spatial region around the vehicle which the radar sensor
can no longer see. Moreover, unwanted reflections on
the obstructions can lead to unwanted signals and inter-
ferences. Adriver assistance system thatoperates based
on the obtained radar sensor data may no longer function
properly if the radar sensor data is corrupt. Accordingly,
obstructions should be avoided.

[0005] An obstruction can occur if the vehicle is towing
a trailer. Herein, a trailer refers to an attachment to the
vehicle which has no powertrain. The trailer will generally
be located at least partially in the field of view of rear
corner radar sensors. Therefore, the effective field of
view for detecting objects in a surrounding of the vehicle
is reduced. Further, as explained above, unwanted re-
flections and interferences may occur.

[0006] To extend the effective field of view of sensor
systems of vehicles, US 10 086 870 B2 provides a trailer
parking assistance system for a vehicle. The driver as-
sistance system comprises a plurality of vehicle cameras
and atleast one trailer camera disposed at a trailer towed
by the vehicle.

[0007] US 10 640 042 B2 relates to a vehicular sur-
round vision system having vehicle cameras disposed at
the vehicle and a trailer camera disposed at a rear of a
trailer.
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[0008] US 2019/0163 82 A relates to a vehicle system
having a vehicle and a trailer system configured to au-
tonomously maneuver rearward while following a guide.
The vehicle includes a trailer reverse assist system with
a follow-me system.

[0009] US 10703 273 B2 relates to a method for gen-
erating an inferred bird’s eye view associated with a tow
vehicle attached to a trailer for trailer reverse assist.

Disclosure of the Invention

[0010] The invention provides a driver assistance sys-
tem of a vehicle and a method for operating a driver as-
sistance system of a vehicle as recited in the independent
claims.

[0011] Preferred embodiments are set out in the de-
pendent claims.
[0012] According to a first aspect, the invention pro-

vides a driver assistance system for a vehicle. The driver
assistance system comprises at least one trailer radar
device configured to be disposed at a trailer towed by
the vehicle and to generate radar sensor data. The driver
assistance system further comprises an electronic con-
trol unit configured to be disposed in the vehicle and to
be coupled with the at least one trailer radar device. The
electronic control unit is further configured to receive the
radar sensor data from the at least one trailer radar de-
vice. The electronic control unit is configured to generate
an output signal and/or to control at least one function of
the vehicle at least in part based on the radar sensor data
received from the at least one trailer radar device.
[0013] Accordingtoasecondaspect, theinvention pro-
vides a method for operating a driver assistance system
of a vehicle. At least one trailer radar device of the driver
assistance system generates radar sensor data, the at
least one trailer radar device being disposed at a trailer
towed by the vehicle. An electronic control unit of the
driver assistance system generates an output signal
and/or controls atleast one function of the vehicle at least
in part based on the generated radar sensor data. The
electronic control unit is disposed in the vehicle and is
coupled with the at least one trailer radar device.

Advantages of the invention

[0014] The invention provides a driver assistance sys-
tem for a vehicle with a trailer, the driver assistance sys-
tem having enhanced functionality. To overcome possi-
ble obstructions of vehicle-mounted radar devices by the
trailer, additional trailer radar devices are provided. The
trailer radar devices can extend the field of view of a radar
system of vehicle. The sensor data generated by the trail-
er radar device can be used to detect objects in blind
spot regions around the trailer. In this way, also a region
directly behind the trailer is accessible. The enlarged field
of view of the driver assistance system leads to an im-
proved detection of objects and can therefore enhance
the safety of the driver assistance system.
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[0015] According to a further embodiment, the driver
assistance system further comprises a plurality of vehicle
radar devices configured to be disposed at the vehicle
and to generate further radar sensor data. The electronic
control unit is coupled with the plurality of vehicle radar
devices and is configured to receive the further radar
sensor data from the plurality of vehicle radar devices.
The electronic control unit is configured to generate the
output signal and/or to control the at least one function
of the vehicle at least in part based on the radar sensor
data received from the at least one trailer radar device
and the further radar sensor data received from the plu-
rality of vehicle radar devices. The driver assistance sys-
tem can therefore preferably comprise a surround view
radar system which can essentially cover the entire 360
degree surrounding of the vehicle and the trailer. The
enlarged field of view can increase the safety of the driver
assistance system.

[0016] According to afurther embodiment of the driver
assistance system, the electronic control unit is config-
ured to fuse the radar sensor data received from the at
least one trailer radar device with the further radar sensor
data received from the plurality of vehicle radar devices
in at least an overlap region of a first field-of-view of the
at least one trailer radar device and a second field-of-
view of the plurality of vehicle radar devices. By using
sensor fusion methods, the detection accuracy can be
enhanced.

[0017] According to afurther embodiment of the driver
assistance system, the electronic control unit provides a
highway assist function at leastin part based on the radar
sensor data received from the at least one trailer radar
device. Based on the radar sensor data, the electronic
control unit can detect objects in a surrounding of the
vehicle and the trailer. The electronic control unit can
provide functionality such as emergency braking, auto-
mated overtaking functions, lane changing functions
and/or lane keeping functions.

[0018] According to afurther embodiment of the driver
assistance system, the electronic control unit provides a
blind spot detection function at least in part based on the
radar sensor data received from the at least one trailer
radar device. Based on the radar sensor data, the elec-
tronic control unit detects objects in blind spot areas
around the trailer which are not directly visible to the driv-
er of the vehicle.

[0019] According to afurther embodiment of the driver
assistance system, the electronic control unit is config-
ured to provide an automated driving function at least in
part based on the radar sensor data received from the
at least one trailer radar device. The automated driving
function can take events in a surrounding of the trailer
into account.

[0020] According to afurther embodiment of the driver
assistance system, the electronic control unit is config-
ured to provide a vulnerable object detection function at
least in part based on the radar sensor data received
from the at least one trailer radar device. Vulnerable ob-
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jects in a surrounding of the trailer can be detected. This
embodiment is particularly useful if the vehicle with the
trailer is maneuvering in a backwards direction. Persons
or objects along the expected trajectory of the vehicle
and the trailer can be detected. The trajectory can be
adjusted, or a braking procedure can be initiated if a col-
lision is detected. Therefore, the safety of persons behind
the trailer can be improved.

[0021] According to a further embodiment of the driver
assistance system, the electronic control unit is further
configured to receive motion data of the vehicle, and to
transform the radar sensor data obtained from the atleast
one trailer radar device into a vehicle coordinate system
of the vehicle. The motion data of the vehicle can com-
prise at least one of a velocity, a trajectory or a steering
wheel angle. Based on the motion data, the electronic
control unit can determine the relative orientation of the
vehicle with respect to the trailer. Based on the relative
orientation of the vehicle with respect to the trailer, the
electronic control unit computes transition functions to
transform the radar sensor data from the coordinate sys-
tem of the trailer radar sensor into the vehicle coordinate
system of the vehicle. In addition or alternatively, sensor
information regarding the relative angle orientation of the
trailer with respect to the vehicle can be taken into ac-
count to compute the transformation of the radar sensor
data into the vehicle coordinate system.

[0022] According to a further embodiment of the driver
assistance system, the electronic control unit is config-
ured to determine a trailer angle of the trailer relative to
the vehicle at least in part based on the radar sensor data
received from the at least one trailer radar device. The
trailing angle can be computed by comparing radar sen-
sor data of the trailer radar device to further radar sensor
data obtained by the vehicle radar devices. For example,
the field of view of at least one vehicle radar sensor and
atleastone trailerradar sensor can overlap. Objects with-
in the overlap are present in both the radar sensor data
generated by the at least one trailer radar device and the
further radar sensor data generated by the at least one
vehicle radar device. By identifying the object, a regis-
tration process can be used to determine the trailer angle
of the trailer relative to the vehicle. Based on the trailer
angle, the radar sensor data can also be transformed
into the vehicle coordinate system of the vehicle.
[0023] According to a further embodiment of the driver
assistance system, the electronic control unit is config-
ured to determine oscillations of the trailer at least in part
based on the radar sensor data received from the at least
one trailer radar device. Oscillations of the trailer will re-
sult in oscillations of the objects determined based on
the radar sensor data. By measuring these oscillations,
installations of the trailer can be determined. For exam-
ple, oscillation measurement can be based on doppler
signals with regard to stationary objects, such as guard-
rails. If the oscillations exceed a predetermined thresh-
old, awarning can be prompted to the driver of the vehicle
to reduce speed, or an automated breaking maneuver
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can be initiated.

[0024] According to afurther embodiment of the driver
assistance system, the at least one trailer radar device
is coupled to the electronic control unit via a CAN bus of
the vehicle.

[0025] According to afurther embodiment of the driver
assistance system, the at least one trailer radar device
is arear-view radar device. That is, the atleast one trailer
radar device has a field of view at least partially being
directed rearward of the trailer.

[0026] According to afurther embodiment of the driver
assistance system, the electronic control unit provides
clearance detection in case of turning or reversing direc-
tions. For example, in case of middle mounted axis trail-
ers, the end of the trailer can sway out during turning or
reversing. If an object gets too close, a warning may be
output to the driver.

[0027] Short description of the drawings

Figure 1  shows a schematic block diagram of a vehi-
cle with a trailer, comprising a driver assist-
ance system according to an embodiment of
the invention; and

Figure 2  shows a flow diagram of a method of oper-
ating a driver assistance system for a vehicle
according to an embodiment of the invention.

[0028] The numbering of process steps is for clarity
and is generally not intended to imply any particular
chronological order. In particular, several process steps
can also be carried out simultaneously.

Description of the embodiments

[0029] Figure 1 shows a schematic block diagram of a
vehicle 1 with a trailer 2, comprising a driver assistance
system.

[0030] The driver assistance system comprises rear-
ward oriented trailer radar devices 21 and 22, each with
a respective field of view 211, 221. The trailer radar de-
vices 21 and 22 are disposed at the trailer 2 towed by
the vehicle 1 and generate radar sensor data.

[0031] Thedriver assistance system further comprises
front corner vehicle radar devices 11 and 12 as well as
rear corner vehicle radar devices 13 and 14 disposed at
the vehicle 1 which generate further radar sensor data.
The trailer 2 obstructs a field of view 131 and 141 of the
rear corner vehicle radar devices 13 and 14.

[0032] The driver assistance system further comprises
an electronic control unit 3 whichis coupled with the trailer
radar devices 21, 22 and the vehicle radar devices 11 to
14, e.g. via a CAN bus. The electronic control unit 3 re-
ceives theradar sensor datafrom the trailer radar devices
21,22, and the further radar sensor data from the vehicle
radar devices 11 to 14.

[0033] The electronic control unit 3 can be configured
to detect connection of the trailer to the vehicle 1. In this
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case, the electronic control unit 3 may disable the rear
corner vehicle radar devices 13 and 14.

[0034] The electronic control unit 3 can further analyze
the radar sensor datareceived by the trailer radar devices
21, 22 and the further radar sensor data received by the
vehicle radar devices 11 to 14. The electronic control unit
3 may detect objects based on the radar sensor data and
the further radar sensor data. The electronic control unit
3 may also use the radar sensor data with the further
radar sensor data.

[0035] Based on the result of the analysis of the radar
sensor data and the further radar sensor data, the elec-
tronic control unit 3 may generate an output signal. For
example, the driver assistance system may further com-
prise a display arranged in the vehicle 1. The electronic
control unit 3 may generate a display image on the dis-
play, showing objects detected based on the radar sen-
sor data and the further radar sensor data. For example,
the electronic control unit 3 may generate a surround
view image of the vehicle 1 and the trailer 2.

[0036] Electronic control unit 3 may also generate a
warning signal, in case a possible collision with an object
is detected. For example, if the vehicle 1 with the trailer
2isdriving in abackwards direction, the electronic control
unit 3 may detect objects behind the trailer 2. In case an
object is located in the expected trajectory of the vehicle
1 and the trailer 2, the electronic control unit 3 may output
the signal. The signal can be a visual signal, e.g. pre-
sented in a display or a dashboard of the vehicle 1. The
signal can additionally or alternatively also be an acoustic
or haptic signal.

[0037] The electronic control unit 3 may also control at
least one function of the vehicle 1 at least in part based
on the radar sensor data received from the at least one
trailer radar device 21, 22 and the further radar sensor
data received from the plurality of vehicle radar devices
11 to 14. For example, the electronic control unit 3 may
provide emergency braking functions, lane keeping func-
tions, parking assist functions, lane changing functions,
or the like.

[0038] The electronic control unit 3 may also provide
a blind spot detection function in a region behind or
around the trailer 2.

[0039] The electronic control unit 3 may also determine
a trailer angle of the trailer 2 relative to the vehicle 1 at
least in part based on the radar sensor data received
from the at least one trailer radar device 21, 22.

[0040] The electronic control unit 3 may further receive
motion data of the vehicle 1, such as a velocity or orien-
tation of the vehicle 1. The electronic controller 3 may
transform the radar sensor data obtained from the atleast
one trailer radar device 21, 22 into a vehicle coordinate
system of the vehicle. For transforming the radar sensor
data, the electronic control unit 3 may also take the trailer
angle of the trailer 2 into account.

[0041] Further, the electronic control unit 3 may deter-
mine oscillations of the trailer 2 at least in part based on
the radar sensor data received from the atleast one trailer
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radar device 21, 22. The electronic controller 3 may de-
tect doppler signals based on reflections from static ob-
jects to determine the oscillations of the trailer 2.

[0042] Figure 2 shows a flow diagram of a method of
operating a driver assistance system for a vehicle 1. The
vehicle 1 is towing a trailer 2. The vehicle 1 may comprise
vehicleradar devices 11 to 14, such asillustrated in figure
1. Further, trailer radar devices 21, 22 are arranged at
the trailer 2. The trailer radar devices 21, 22 are connect-
ed to a CAN bus of the vehicle 1 and can communicate
with an electronic control unit 3 of the vehicle 1.

[0043] In a first method step S1, the trailer radar de-
vices 21, 22 of the driver assistance system generate
radar sensor data, and the vehicle radar devices 11 to
14 generate further radar sensor data.

[0044] In asecond method step S2, an electronic con-
trol unit 3 of the driver assistance system analyzes the
radar sensor data and the further radar sensor data.
Based on the analysis, the electronic control unit 3 may
detectobjects, determine oscillations or determine a trail-
er angle.

[0045] Based on the analysis, the electronic control
unit 3 generates an output signal and/or controls at least
one function of the vehicle 1 at least in part based on the
generated radar sensor data.

Claims

1. A driver assistance system for a vehicle (1), com-
prising:

at least one trailer radar device (21, 22) config-
ured to be disposed at a trailer (2) towed by the
vehicle (1) and to generate radar sensor data;
and

an electronic control unit (3) configured to be
disposed in the vehicle (1) and to be coupled
with the at least one trailer radar device (21, 22),
and configured to receive the radar sensor data
from the atleast one trailerradar device (21, 22);
wherein the electronic control unit (3) is config-
ured to generate an output signal and/or to con-
trol atleast one function of the vehicle (1) atleast
in part based on the radar sensor data received
from the atleast one trailerradar device (21, 22).

2. The driver assistance system according to claim 1,
further comprising a plurality of vehicle radar devices
(11-14) configured to be disposed at the vehicle (1)
and to generate further radar sensor data;
wherein the electronic control unit (3) is coupled with
the plurality of vehicle radar devices (11-14) and is
configured to receive the further radar sensor data
from the plurality of vehicle radar devices (11-14);
and
wherein the electronic control unit (3) is configured
to generate the output signal and/or to control the at
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10.

least one function of the vehicle (1) at least in part
based on the radar sensor data received from the at
least one trailer radar device (21, 22) and the further
radar sensor data received from the plurality of ve-
hicle radar devices (11-14).

The driver assistance system according to claim 2,
wherein the electronic control unit (3) is configured
to fuse the radar sensor data received from the at
least one trailer radar device (21, 22) with the further
radar sensor data received from the plurality of ve-
hicle radar devices (11-14) in at least an overlap re-
gion of a first field-of-view of the at least one trailer
radar device (21, 22) and a second field-of-view of
the plurality of vehicle radar devices (11-14).

The driver assistance system according to any of the
preceding claims, wherein the electronic control unit
(3) is configured to provide at least one of a blind
spot detection function, an automated driving func-
tion and a vulnerable object detection function at
leastin part based on the radar sensor data received
from the at least one trailer radar device (21, 22).

The driver assistance system according to any of the
preceding claims, wherein the electronic control unit
(3) is further configured to receive motion data of the
vehicle (1), and to transform the radar sensor data
obtained from the at least one trailer radar device
(21, 22) into a vehicle coordinate system of the ve-
hicle (1).

The driver assistance system according to any of the
preceding claims, wherein the electronic control unit
(3) is configured to determine a trailer angle of the
trailer (2) relative to the vehicle (1) at least in part
based on the radar sensor data received from the at
least one trailer radar device (21, 22).

The driver assistance system according to any of the
preceding claims, wherein the electronic control unit
(3) is configured to determine oscillations of the trail-
er (2) atleast in part based on the radar sensor data
received from the at least one trailer radar device
(21, 22).

The driver assistance system according to any of the
preceding claims, wherein the at least one trailer ra-
dardevice (21, 22)is coupled to the electronic control
unit (3) via a CAN bus of the vehicle (1).

The driver assistance system according to any of the
preceding claims, wherein the at least one trailer ra-
dar device (21, 22) is a rear-view radar device.

A method for operating a driver assistance system
of a vehicle (1), comprising the steps:



9 EP 4 105 676 A1

generating (S1) radar sensor data by at least
one trailer radar device (21, 22) of the driver as-
sistance system, the at least one trailer radar
device (21, 22) being disposed at a trailer (2)
towed by the vehicle (1); and

generating (S2) an output signal and/or control-
ling at least one function of the vehicle (1) at
least in part based on the generated radar sen-
sor data, by an electronic control unit (3) of the
driver assistance system, the electronic control
unit (3) being disposed in the vehicle (1) and
being coupled with the at least one trailer radar
device (21, 22).
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